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ABSTRACT 
The performance of the Alpha Sprayed Polyurethane Foam (SPF) roofing system 
is perceived as not an economical option when compared to a 20-year modified bitumen 
roofing system. Today, the majority of roofs are being replaced, rather than newly installed. 
The coating manufacturer, Neogard, implemented the Alpha roofing program to identify 
the best contractors in the industry and to measure their roof performance. The Alpha roof 
system has shown consistent high performance on over 230 million square feet of surveyed 
roof. The author proposes to identify if the Alpha roof system is renewable, has proven 
performance that competes with the traditional modified roofing system, and is a more 
economical option by evaluating an Alpha roof system installation and the performance of 
a 29-year-old Alpha roof system. The Dallas Independent School District utilized the Alpha 
program for William Lipscomb Elementary School in 2016. Dallas Fort Worth Urethane 
installed the Alpha SPF roof system with high customer satisfaction ratings. This roofing 
installation showed the value of the Alpha roof system by saving over 20% on costs for the 
installation and will save approximately 69% of costs on the recoating of the roof in 20 
years. The Casa View Elementary School roof system was installed with a Neogard 
Permathane roof system in 1987. This roof was hail tested with ten drops from 17 feet 9 
inches of 1-3/4-inch steel ball (9 out of 10 passed) and four drops from 17 feet 9 inches 
with a 3-inch diameter steel ball (2 out of 4 passed). The analysis of the passing and failing 
core samples show that the thickness of the top and base Alpha SPF coating is one of the 
major differences in a roof passing or failing the FM-SH hail test. Over the 40-year service 
life, the main difference of purchasing a 61,000 square feet Alpha SPF roof versus modified 
bitumen roof are savings of approximately $1,067,500. Past hail tests on Alpha SPF roof 
ii 
systems show its cost effectiveness with high customer satisfaction (9.8 out of 10), an over 
40-year service life after a $6.00/SF recoat and savings of over $1M for DISD. 
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INTRODUCTION 
Roofing Industry Performance 
Useful Life of Roofs 
Most of the roofing industry has notoriously poor performance. The Journal of the 
American Institute of Architects stated, “Roofs, on average, last only about half of their 
designed lifetime… water intrusion accounts for more than 70 percent of construction 
litigation; roof failures and related fallout are often at the root of the issue.” (Seward, 
2011). The average warranty for a roof is 20 years for a traditional modified bitumen or a 
built-up-roof; however, repairs on the roof often have to happen before the warranty 
expiration (Dupuis, 1990; Bailey & Bradford, 2005). 
 
Energy Waste of Roofs 
The roof also is considered by sustainability experts as the largest waste of energy for 
most buildings (International Facility Management Association, 2015). The roof has the 
most potential for thermal/cooling loss. The roof transfers heat/cold through the skin, and 
thus more energy is needed to cool/heat the space underneath. This heat or cooling loss 
can expend much of the budget for facility managers. Excessive energy is needed to cool 
or heat a space because of the roof. (International Facility Management Association, 
2015)  
 
Hail Resistance and Wind Resistance of Roofs 
Many of the roofs that people perceive as hail resistant or resistant to high winds are not 
actually resistant to high winds nor hail (Sparks et al, 1994; Crenshaw & Koontz, 2001; 
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Seward, 2011). After there are high winds of over 90 miles per hour, building owners 
find that the functional performance of their roof has severely diminished. 53% of U.S. 
hail loss policy claims from 2013-2015 (totaling 1,118,469 claims) were in the category 
of homeowner personal property insurance, which is more particularly insurance claims 
related to roof damage (Fennig, 2016). From 2011 to 2015, hail damage and wind 
accounted for almost 40 percent of all insured losses in the United States, averaging 
approximately $15 billion annually over 5 years (Rocky Mountain Insurance Information 
Association, 2016). If about half of the $15B goes towards roof insurance, then the 
annual cost of hail and wind in the United States for insurance is estimated to be $7.5B. 
Poorly installed roof joints and connections, and often the actual roofing materials cannot 
perform when faced with severe weather conditions, and with $7.5B in insurance claims, 
non-performance is roofs must be a commonplace occurrence in the United States. 
 
Cost of Roof Installation and Roof Replacement 
The performance of the Alpha Sprayed Polyurethane Foam (SPF) roofing system is 
perceived as not an economical option when compared to a 20 year modified bitumen 
roofing system. Roof installation websites regarding the use of SPF roofing claim that 
SPF roofs require more maintenance than modified bitumen and recoating every 10 years 
(Improvenet, 2014). Additionally, other sites claim that based off of cost and 
maintenance, built up roofs and modified bitumen are the best value, lasting up to 30 
years (Maintenance Solutions, 2015) However, a study of Carnegie Melon’s roofing 
system over 20 years found that the average cost of roof replacement, including the 
repairs for modified bitumen roofs was $269 per square meter, which is equivalent to 
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$24.75 per square foot with an average leak rate of 5.2 leaks per building per year 
(Coffelt, 2010). Based off of speaking with Mike Smith who is the roofing expert for 
Dallas Independent School District (DISD), the average price to apply a traditional 
modified bitumen roof with tear off on a commercial building is approximately $16 to 
$19 per square foot. Today, the majority of roofs are being replaced, rather than newly 
installed, and the prices of replacing a modified bitumen system are far greater than the 
cost of a performing Alpha SPF roofing system. 
 
Sprayed Polyurethane Foam Roofing 
Sprayed Polyurethane Foam (SPF) Installation 
Sprayed Polyurethane Foam (SPF) is an insulating plastic that has been used as a roofing 
system since the 1960's (Spray Polyurethane Foam Alliance, 2014). There began to be a 
significant demand for the system in the 1970’s, resulting in many iterations of the 
material using Silicone, Acrylic, Hypalon, Asphaltic and Urethane coatings. The SPF is 
produced by a chemical reaction when two liquid components are combined at the tip of 
a gun. When the two parts are combined in the spray nozzle, they start a chemical 
reaction that creates the foam. After the reaction, the liquid expands to 20 times its 
original mass to form a solid foam surface which adheres to the existing roof. (Foam 
Applications Inc., 2016)  
 
Sprayed Polyurethane Foam Characteristics 
The qualities of an SPF Roof include the following (Foam Applications Inc., 2016; Spray 
Polyurethane Foam Alliance, 2014): 
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 Leak-free monolithic seal over entire roof deck 
 Self-flashing roof system that offers no transitions, joints, cracks, or fasteners that 
can leak 
 Roof system with strong adhesion and wind uplift resistance 
 Roof system that is both lightweight and high strength 
 Green roofing system that is both sustainable and energy efficient 
 
Alpha SPF Performance 
The performance of an Alpha SPF roof includes the following (Kashiwagi, et. al., 2016; 
Kashiwagi, et. al., 2015) 
 High insulation value of R6.5 to R7 reduces heat penetration which boosts the 
building’s overall energy efficiency. 
 Continuous solid surface that is high wind resistant, waterproof and resilient to 
foot traffic 
 Underwriters Laboratories Inc. approved 
 
SPF roofing has an R-value of R6 per inch and is used by the owners of the building as a 
recovery system over existing roofs including built-up roof [BUR], modified bitumen, 
concrete, wood, asphalt shingles, clay tile, and metal (Knowles, 2005). The advantage of 
the Alpha SPF roof system is that it does not require the removal of the existing modified 
or BUR system saving owners as much as $6/SF [50% less than the traditional BUR 
system] in removal costs and costs of a new modified or BUR system.  A properly 
installed Alpha roof system has been documented to resist up to 4-inch diameter 
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simulated hail stones [four-inch diameter steel ball dropped from more than 17-3/4 feet 
height]. (Kashiwagi, 2015, Kashiwagi and Savicky, 2003) 
 
Necessity of Quality Contractors in SPF Application 
SPF roofing requires significant contractor expertise in order to provide a high 
performance roofing system. Installation workmanship is one of the major reasons for 
SPF roofing defects. These SPF roofing defects can severely minimize the service period 
(Alumbaugh et. al, 1984; Kashiwagi & Tisthammer, 2002). In the past, it was common 
for the coating and SPF manufacturers to offer warranties but not honor those warranties, 
blaming the contractor. The poor performance of the SPF roof system has relegated the 
SPF roof system to 3% of the roofing market share in the United States (Kashiwagi, 
2016a). 
 
Neogard’s Alpha Program 
Alpha Program Inception 
In order to combat the stereotype of the SPF roofing system providing poor performance 
and low quality, the coating manufacturer, Neogard, decided to run a pilot test with 
Arizona State University’s Performance Based Studies Research Group in 1995.  
Neogard implemented what is called the Alpha roofing program to identify the best 
contractors in the industry and to measure the performance of their roofs. 
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Performance Requirements of Neogard’s Alpha Program 
The Alpha program formed an elite group of roofing manufacturers that had the best 
performing roofs in the SPF roofing industry. These contractors had to opt in to work 
with the coating manufacturer and had a series of performance requirements that they 
were required to fulfill in order to participate in the program. The performance 
requirements for the Alpha program are (Kashiwagi, et al., 2010): 
 Have a “good financial standing” and “be licensed” with Neogard  
 Roof inspections once every two years of a minimum of 25 roofs by a third-party 
inspector 
 Annual submission of newly installed SPF roofs over 5,000 SF to Arizona State 
University 
 98% of roofs being tracked cannot currently leak. 
 98% of surveyed roofs must have satisfied customers. 
 Respond to leaks within 7 days of notification and fix within a couple of weeks 
 Attend the annual educational presentation 
 
Additional Performance Modifications Added To The Alpha Program 
Additional modifications added to the Alpha program have been the following: 
1. The contractor would have to hold a clarification meeting at the roof site with all 
stakeholders [client, roofing engineer/consultant, contractor, manufacturers of 
Alpha coating and SPF].  Minutes of the meeting should be kept by the contractor. 
2. The contractor would have to run a moisture survey of the roof.  A wet existing 
roof system is the largest risk to a properly installed SPF roof system. 
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3. The contractor must use a weekly risk report that identifies performance metrics 
of temperature, moisture, time and cost deviation from the planned schedule. 
4. A third party conducts an inspection and identifies performance metrics of the 
installed SPF [compressive strength and thicknesses] and protective Alpha 
coating [adequate thickness]. 
5. Neogard issues a 15-year hail warranty on the coating. 
6. The contractor is responsible to maintain the condition of the SPF through annual 
inspections of their roof systems.  If the contractor can get their SPF manufacturer 
to write a warranty to cover all SPF defects, the client gets an additional guarantee 
and the contractor gets the manufacturer’s support.  The Alpha coating 
manufacturer, Neogard, does not have to be responsible for SPF defects. 
 
Owner Benefits of Neogard’s Alpha Program 
The Alpha program provides the opportunity for owners to receive the best value for their 
roof at the lowest price. With the best SPF applicators in the industry installing the roofs 
upholding the highest standards, the owners received higher quality roofs than modified 
bitumen, built-up roof, coal-tar pitch and any other roof system available. As a result of 
Neogard’s motivation to change the industry, the performance on Alpha roofing system 
has been heavily documented.  The Alpha program consists of the best roofing 
applicators in the country and has proven performance metrics with hail resistance, wind 
resistance, and life of the product. The following table includes the performance metrics 
of Neogard’s Alpha Contractors, Alpha Contractor Requirements, and an Overview of 
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Neogard’s Coating Warranty Coverage (see Table 1, Table 2, and Table 3) (Kashiwagi, 
et. al., 2016a):  
 
Table 1 
 
Alpha Roofing System Performance Metrics (Kashiwagi, et. al., 2016a) 
 
No Neogard's Alpha Program Unit Overall 
1 Overall customer satisfaction of Alpha Contractors (1-10) 9.5 
2 Oldest job surveyed Years 36 
3 Age sum of all projects that never leaked Years 29,714 
4 Age sum of all projects that do not leak Years 37,057 
5 Percent of customers that would purchase again % 99% 
6 Percent of jobs that do not leak % 100% 
7 Percent of jobs completed on time % 98% 
8 Percent of satisfied customers % 100% 
9 Percent of inspected roofs with less than 5% ponded water % 90% 
10 Percent of inspected roofs with less than 1% deterioration % 95% 
11 Percent of inspected roofs with less than 1/4" slope % 62% 
12 Average job area (of jobs surveyed and inspected) SF 30,698 
13 Total job area (of jobs surveyed and inspected) SF 230M 
14 Total number of jobs inspected # 2,286 
15 Total number of different customers surveyed or inspected # 2,834 
16 Average number of returned surveys per contractor # 23 
17 Total number of returned surveys and inspections # 5,223 
 
Table 2 
 
Alpha Contractor Requirements (Kashiwagi, et. al., 2016a) 
 
No Neogard's Alpha Contractor Requirements 
1 Minimum years of experience 5 
2 Random survey of roofs Every other year 
3 24 hour response to leaks Yes 
4 Warranty covering labor Yes 
5 Maintenance inspection programs Annual 
 
Table 3 
 
Overview of Neogard’s Coating Warranty Coverage (Kashiwagi, et. al., 2016a) 
 
No Neogard's Alpha Coating 15 Year Warranty Coverage 
1 Bird Pecking Yes 
2 FM-SH Hail Test 4470 (1.75 inches) Yes 
3 90 MPH Wind Yes 
4 Full maintenance Yes 
5 Independent third party testing Yes 
6 Proprietary details Yes 
9 
 
These performance metrics document significant results in the SPF roofing industry. The 
Alpha roof system has shown consistent high performance [9.5 out of 10 customer 
satisfaction rating and 99% of customers saying they would purchase an Alpha roof 
system again] on over 229 million square feet of surveyed roof. Neogard’s Alpha roofing 
system’s past performance outmatches any other roofing system’s performance history.  
 
Alpha Program’s History at Dallas Independent School District (DISD) 
The Dallas Independent School District (DISD) has been using the Alpha roofing system 
since 2002, when they ran a Best Value test to compete the modified BUR system with 
the Alpha system. The results showed that the Alpha SPF roof systems were installed with 
high performance with proven longevity and durability. Once recoated, the Alpha SPF 
system can take almost twice the level of damage (Kashiwagi and Savicky, 2003). The 
Alpha program’s performance metrics on DISD projects are as follows (see Table 4): 
 
Table 4 
 
Alpha Program’s Performance Metrics on DISD Projects 
 
No Criteria Unit Value 
1 Total years working with the Alpha program Years 14 
2 Oldest job surveyed Years 27 
3 Average age of jobs surveyed Years 8 
4 Age sum of all projects inspected Years 699 
5 Average total repairs on each roof SF 481 
6 % of roof repaired % 1.01% 
7 Total blisters SF 13,575 
8 Average total existing blisters on each roof SF 154 
9 % of roof blistered % 0.32% 
10 Average blister size In. 2” 
11 Average job area (of jobs surveyed and inspected) SF 42,208 
12 Total job area (of job surveyed and inspected) SF 4.2 M 
13 Total number of jobs inspected # 100 
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The Dallas Independent School District is self-insured against hail damage and is 
interested in using roofing systems that have the capability to withstand hail damage to 
minimize their cost.   
 
The DISD bond program engineers lately have been procuring the more traditional 
modified roofing system for $16 per square foot, even though the Alpha SPF system is 
almost half of the cost of the traditional system. After seeing the performance of the 
Alpha SPF system, DISD has continually procured the high quality Alpha SPF roof 
system over the last 15 years, but on a small scale. (Kashiwagi, 2016b). 
 
RESEARCH PROBLEM 
 
Critics of the Alpha SPF roof system claim that the system is not renewable, and 
compared to the traditional modified bitumen system, it is considered to have a lower 
performance and higher cost. 
 
RESEARCH OBJECTIVES 
 
The author proposes to identify if the Alpha roof system is renewable, has proven 
performance that competes with the traditional modified or built up roofing systems, and 
is a more economical option by evaluating the installation of a new Alpha SPF roof 
installation, and testing out the performance of a 29-year-old Alpha roof system. 
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RESEARCH METHODOLOGY 
 
The research will be conducted in 2 phases to demonstrate the value of the Alpha SPF 
roofs: through observing the installation practices of the Alpha SPF roof system, and then 
hail testing the overall performance of an aged Alpha SPF roof system.  
 
The first phase of the research will be conducted concerning the installation of an Alpha 
SPF roof system: 
1. Run a case study of an Alpha SPF installation at William Lipscomb Elementary 
School. 
2. Document the case study. 
3. Conduct an analysis of the performance of the roof installation. 
 
The second phase of the research will be conducted concerning the evaluation of the 
Alpha roof system performance through Factory Mutual Severe Hail (FM-SH) testing as 
follows:  
1. Identify the existing roof characteristics of the Casa View Elementary School 
Roof. 
2. Hail test the Casa View Roof with 1-3/4-inch steel ball as specified by FM-SH 
test. 
3. Identify if the 10 drops pass the test requirement. 
4. Determine if any of the drops do not pass the requirement, how many failures and 
the presence of extenuating circumstances such as insufficient coating.   
5. Measure the indentation sizes of the hail drops.   
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6. Use a larger 3-inch diameter steel ball to identify if the roof is potentially more 
robust than the perceived capability to pass the 1-3/4-inch test. 
7. Run a lab test of a SPF core sample of the Casa View roof in the hail tested areas 
that passed and failed. 
8. Compare previous hail tests at Foster’s Elementary School with the test results at 
Casa View Elementary School. 
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THE EVALUATION OF THE ALPHA PROGRAM ROOF INSTALLATION 
Case Study at William Lipscomb Elementary School 
Bidding of Roof Installation at DISD 
In the fall of 2015, the Dallas Independent School District (DISD), which is the 14th 
largest school district in the United States, bid out a roofing recoat project for William 
Lipscomb Elementary. Using a Job Order Contractor, the group was able to bid out the 
work to nontraditional roofing applicators such as sprayed polyurethane foam (SPF) 
roofing applicators. After reviewing multiple bid proposals, the group did not select the 
low bid offer, but selected another roofing applicator which is a Neogard Alpha roofing 
contractor called Dallas Fort Worth Urethane (DFWU).  
 
Dallas Fort Worth Urethane (DFWU) 
Dallas Fort Worth Urethane (DFWU) is the highest performing contractor in the Alpha 
program [performance period, customer satisfaction, roofs that do not leak, lack of roof 
repairs required] (see Table 5).  DFWU does not have any claims for blistering roofs 
against SPF manufacturers.  DFWU identified that they do not have any outstanding 
blistering claims on their SPF roof systems and have repaired any SPF defects on the 
roofs installed at DISD.    
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Table 5 
 
Dallas Fort Worth Urethane 6 Year Performance Line (Dallas Urethane, 2016) 
 
# Criteria Unit 2015 2013 2011 
1 
Overall customer satisfaction – 
Contractors 
(1-10) 10.0 9.8 9.8 
2 Oldest job surveyed Years 36 27 25 
3 Average age of jobs surveyed Years 13 9 10 
4 
Age sum of all projects that 
never leaked 
Years 715 477 397 
5 
Age sum of all projects that do 
not leak 
Years 794 427 523 
6 
Percent of customers that would 
purchase again 
% 100% 100% 100% 
7 Percent of jobs that do not leak % 100% 100.0% 100% 
8 
Percent of jobs completed on 
time 
% 100% 100% 100% 
9 Percent of satisfied customers % 100% 100% 100% 
10 
Percent of inspected roofs with 
less than 5% ponded water 
% 100% 96% 100% 
11 
Percent of inspected roofs with 
less than 1% deterioration 
% 100% 85% 100% 
12 
Percent of inspected roofs with 
less than 1/4" slope 
% 7% 79% 33% 
13 
Total job area (of job surveyed 
and inspected) 
SF 2,694,878 2,912,287 2,374,091 
14 Total number of jobs surveyed # 50 51 50 
15 Total number of jobs inspected # 27 26 26 
16 
Total number of different 
customers surveyed & inspected 
# 44 45 37 
 
Due to their high performance, DFWU, requested and received from their SPF 
manufacturer to write a warranty covering all SPF defects [regardless of source of risk].  
DFWU has the only SPF manufacturer warranty in the industry with this stipulation.  The 
only contractor covered by this warranty is DFWU.  The performance of DFWU resulted 
in a warranty that minimizes the risk of DISD.  By observation, because there has been 
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no risk of unrepaired SPF roof system defects on roofs by DFWU, the warranty was 
issued. The warranty is not the risk mitigation mechanism. The risk mitigation 
mechanism is the high performance of DFWU. This is the intent of the high performance 
Alpha Program. DFWU additionally agreed to film the course of the entire project to give 
additional documentation of the installation. DFWU’s performance record at DISD is 
listed in Table 6.  
 
Table 6 
 
DFWU Past Roofs Installed at DISD 
 
  
Job Name 
Earhart Elementary 
School 
Pinkston High 
School 
Foam Manufacturer BASF BASF 
Street Address 
3531 N. Westmoreland 
Rd., Dallas, TX 
2200 Dennison St, 
Dallas, TX 
Job Area 30,500 161,500 
Original Install Date 12/31/2004 7/13/2005 
Warranty Expiration 12/31/2019 7/29/2020 
Warranty Length 15 15 
Roof Performance during Inspection on 8/25/2015 
SlopeL 0 0 
Ponding 0 0 
GranAgg G G 
Penetrations 35 250 
Blisters 2 100 
Delamination 0 0 
Mech. Damage 0 0 
Bird Pecks 0 0 
Repair 160 300 
Deterioration 0 0 
Avg. Blister Size (in) 0 2 
Blisters over one foot (#) 0 0 
Open blisters (#) 0 0 
% Blistered 0.01% 0.06% 
% Repaired 0.52% 0.19% 
Customer Satisfaction (out of 10) 10 10 
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The William Lipscomb Elementary School had a 17,578 square foot built up roof over 
coal tar pitch with constant leaking problems over its 15+ years of service. The roof 
included two HVAC units, two 4" vents, miscellaneous plumbing stacks, gas line and one 
roof hatch (see Figure 1 and Figure 2). The roof hatch was scheduled to be screwed shut 
and foamed into roof. One of the reasons for utilizing the SPF roof system was savings of 
over $100,000 versus the removal of the existing roof system and installing the more 
traditional modified bitumen roof system. The roof additionally may have a service life of 
up to 45 years after 2 recoats of SPF, as was seen from the performance information on 
Alpha roofs installed at Casa View and Foster’s Elementary school (Kashiwagi 2016a; 
Kashiwagi, 2016b). 
 
 
Figure 1: William Lipscomb Elementary School, Dallas Independent School District, 
Dallas TX 
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Figure 2: Overhead Roof Plan of Lipscomb Elementary School 
 
The Alpha Program Weekly Risk Report 
Tracking Project Deviations Using the Weekly Risk Report 
From the beginning of the project, Dallas Fort Worth Urethane utilized a Weekly Risk 
Report as part of the Alpha program requirements. The Weekly Risk Report is composed 
of the following components: 
1. A Project Setup tab which describes the basic information on the project and the 
information that is known about the scope of work, contact information, the 
warranties and the level of expertise of the DFWU’s SPF applicators. 
18 
 
2. The Progress Report tab (see Appendix A) is a weekly log that clearly shows what 
DFWU accomplished during the week, which the key stakeholders can view and 
understand what is being done on the project. 
3. The Milestone Schedule tab (see Appendix B) is the schedule for the project that 
is projected by DFWU. DFWU was required to create a milestone schedule at the 
beginning of the project. Throughout the project, DFWU would track the project 
to make sure every task was on schedule. Any part of the project that was not 
running according to schedule would have to have a risk number associated with 
it, which let the stakeholders know what caused the schedule to be delayed on the 
Risks Tab.   
4. The Risks tab (see Appendix C) shows all of the risks that occur on the project 
that are causing deviations to the DFWU’s anticipated scope. The risks tab shows 
the name of the risk, the contractor’s plan to mitigate the risk, the effect of the risk 
to the project in regards to time and cost deviations, the entity causing the risk and 
the severity rating of the risk. 
5. The Risk Management Plan tab (see Appendix D) documents at the beginning of 
the project the different potential risks that could occur on the project and shows 
how the contractor would be able to mitigate this risk from occurring on DFWU’s 
project. The Risk Management Plan also allows the stakeholders to understand the 
repercussions of each of the risks should they occur, which motivates the 
stakeholders to ensure that they do not make that mistake. 
6. The Performance Metrics tab (see Appendix E) provides quality assurance for the 
client by illustrating that DFWU is ensuring high quality work and is not taking 
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shortcuts. In the case of the DFWU roof installation, the Performance Metrics tab 
shows the weather and roof conditions that could potentially affect the quality of 
the roof installation. 
7. The Report tab (see Appendix F) summarizes all of the previous tabs in order for 
the stakeholders to quickly see the progress on the job without reading the details. 
 
Distribution of the Weekly Risk Report 
The Weekly Risk Report (WRR) is sent out to the key stakeholders each week to assure 
the client that the project was running smoothly and to inform the clients and key 
stakeholders about any risks occurring or that might occur on the project. Initially, during 
the William Lipscomb Elementary School Roof Installation, the Job Order Contracting 
project manager attempted to manage the distribution of the Weekly Risk Report to key 
stakeholders. They argued that the Weekly Risk Report was a contractual document, and 
would be the only communication medium to contact the client. The project manager 
stated, “The (JOC) is responsible to the Owner for this project, therefore any schedules or 
documents required will need to go through me.” The WRR is not a contractual 
document, but information on the project that allows all parties to understand the project 
progress. In attempting to control the distribution of the WRR, DFWU would have been 
unable to communicate their needs effectively to client. Shortly after some clarification, 
the JOC permitted the distribution of the WRR to the client on a weekly basis. The WRR 
provided transparency to all stakeholders when the schedule deviations occurred, 
eliminating disagreements between parties throughout the project and after the project.      
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Schedule Analysis of the Alpha SPF Roof Installation 
Dallas Fort Worth Urethane (DFWU) continually tracked the time deviations throughout 
the project to ensure that they could finish the project by the deadline of 5/31/2016. 
DFWU finished the project in less than 20 days after final approvals by DISD. DFWU 
finished the project on time as shown in Table 7, despite many setbacks caused by the 
owner. 
 
Table 7 
 
William Lipscomb Elementary School Roof Milestone Schedule Completion 
 
# Activity 
Initial 
Schedule 
Finish 
Actual 
Schedule 
Finish 
Initial 
Duration 
of Task 
(Days) 
Actual 
Duration 
of Task 
(Days) 
Risk # 
1 Clarification Meeting at Lipscomb 3/16/2016 3/16/2016 1 1  
2 PO Issue by DISD 3/15/2016 3/31/2016 1 16 4 
3 Moisture Study 3/26/2016 4/8/2016 1 1 4 
4 
Notice to proceed from Architect (Review of 
submittals) 
3/26/2016 4/25/2016 11 41 5 
5 Mobilize/Set-up Safety 3/22/2016 4/29/2016 7 16 4, 5 
6 Gravel Removal 4/7/2016 5/6/2016 3 3 4, 5 
7 
HVAC Units Raised/Scuppers Installed and 
all sealed-in on High Roof.  
Added to 
Scope 
5/7/2016  1  
8 
3 small lower roofs added to project by 
architect.  
Added to 
Scope 
5/21/2016  2  
9 
Foam - Including Small Lower Roofs & 
Roof Hatch 
4/6/2016 5/21/2016 7 10 1,5 
10 
Coating - Base/Intermediates - Including 
Small Lower Roofs & Roof Hatch 
4/16/2016 5/23/2016 11 10 1,5,8 
11 
Coating - Top Coat - Including Small Lower 
Roofs & Roof Hatch 
4/27/2016 5/24/2016 12 3 5,8 
12 
Granules - Including Small Lower Roofs & 
Roof Hatch 
5/3/2016 5/24/2016 7 3 5,8 
13 
Roof Hatch - Decision to Leave As Is - 
Decision to Eliminate 
- 5/24/2016 1 4 2, 3,5 
14 Demobilize/Punch Out 5/4/2016 5/24/2016 2 2 5 
15 Project Completion 5/4/2016 5/25/2016   5 
16 
DISD Inspection/Walk Thru - Zero Punch 
List 
5/31/2016 6/7/2016    
17 Third Party Inspection 5/31/2016 6/8/2016    
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Some of the major setbacks on the roofing installation include the following: 
 DISD delayed on signing the purchase order until March 31st, though the bid had 
been won by DFWU in January. 
 DFWU’s subcontracted gravel crew was unable to work for 1 month due to notice 
to proceed from architect on the project not being signed in time. 
 Inspection and approval of DFWU’s roofing installation permit to the City of 
Dallas by the Historical Landmark Commission, while DFWU additionally 
working with the architect to fulfill Neogard’s specifications to receive a 
manufacturer’s warranty. 
 DISD’s decision on foaming over the small roof hatch, which was the only 
internal access point for DISD to get on the roof, also took time.  
 
Delayed Purchase Order Signing 
After a clarification meeting on 3/15/16, without a purchase order issued from DISD, 
DFWU documented all of the existing roof information at the school, identified the risks 
for the project and set up an initial schedule for how long the project would take. These 
were documented on a weekly risk report so DISD and the JOC could be informed and up 
to date on the status of the project. 
 
Delayed Submittal Signature by Architect 
After receiving a Purchase Order from DISD on 3/31/16, DFWU planned to remove the 
gravel from the roof on 4/4/16 with hired subcontractors. The subcontractors had their 
machines ready for gravel removal at the school on 4/4/16. However, the architect was 
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unaware that the submittal would cause the project to be delayed, and did not sign off on 
the submittal. As a result, DFWU lost 30 days on the project because the subcontractors 
were unavailable to complete the gravel removal later in the week due to other work 
commitments. 
 
Delay from Historical Landmark Commission 
After the necessary requirements were completed for the JOC during the week of 
4/11/16, DFWU applied for a permit from the City of Dallas, which was on hold for a 
time due to a delay in signing the approval letter from the Historical Landmark 
Commission, of which DFWU notified the JOC of the need for a copy of letter when it 
would be signed.  DFWU then received a scupper drawing from the JOC necessary for 
the job. The risk that DFWU managed was that because William Lipscomb Elementary 
School was a historical building, if the coating were to show from the front of the 
building the Landmark Commission would protest, and if the termination point was too 
short, it would have affected the Neogard manufacturer’s warranty. DFWU worked with 
the architect who drew out new designs that were suitable for both parties, which 
eliminated any delay on the project. 
 
Delay on Owner Decision on the Roof Hatch 
The final delay on the project was the roof hatch. The roof hatch was originally scheduled 
to be left open on the architect’s plan, but since the roof hatch did not comply with 
OSHA standards, DISD decided that the roof would be better accessed from exterior 
ladders that would be installed. The Historical Landmark Commission did not like this 
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idea of installing exterior ladders because it would deface the appearance of the existing 
historical building, and let DISD know that they would not be allowed to install a 
permanent exterior ladder in the future. After email chains, DISD decided to have DFWU 
foam over and seal the roof hatch shut, the only roof hatch which provided facilities 
personnel access to the roof. Subsequent visits to the roof will have to be from an exterior 
ladder, but there is currently no access to the roof unless a nonstationary 60-foot ladder is 
transported onsite. 
 
Analysis of Time Deviations and Roof Installation Schedule 
When Dallas Fort Worth Urethane was able to get the subcontractors on the roof to 
remove the gravel on 5/4/16, DFWU made quick work of the project. After seeing how 
quickly DFWU was progressing on the project, the architect added three additional roofs 
on the project, of which DFWU was able to install by the same 5/24/16 completion date 
as the other part of the roof. Despite all of the delays on the project, and an additional 
scope, DFW Urethane completed the entire 17,578 SF roof installation on May 24th. The 
Alpha contractor finished the entire installations in 20 days after the subcontractor 
removed the gravel. The notable accomplishment achieved was that in addition to 
completing the project quickly, the roof had no punch list items. DISD said it was the 
first time in history of their roof inspections that this had happened. Despite all of the 
events that could have caused massive delays in the project, the Alpha contractor 
mitigated the risk on the roofing installation and delivered the roof installation on 
schedule. From the WRR, the DFWU was able to demonstrate the schedule deviations to 
the key stakeholders without causing disagreements on the installation. 
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Alpha Roof Installation Performance Metrics 
Tracking Performance of the Roof Installation 
As part of the Alpha Program, Dallas Fort Worth Urethane was required to track the 
performance metrics of the roof and the weather each day that the applicators were 
working on the roof. The performance metrics were useful in that they ensured that 
DFWU did not perform a roof application while the roof was wet. If the roof was wet 
during installation, then the installation of the roof would have been compromised. An 
SPF application upon a deck with significant roof moisture would create defects in the 
future. Additionally, if there is too much wind during the day, the spray of the SPF would 
be effected and could have resulted in poor long term performance of the roof. An 
overview of DFWU’s performance metrics throughout the William Lipscomb Elementary 
School roof installation are shown below (see Table 8). 
 
Table 8 
 
DFW Urethane Performance Metrics during Alpha SPF Roof Installation 
 
Category Criteria Avg. 
 Moisture 
Scan 
Complete? 
(Y/N) Date 
SF of Roof with 
Moisture 
Wind Speed 
Start of Day 10.0  Y 4/8/2016 0 
End of Day 6.7        
Humidity 
Reading 
Start of Day 71.3  
Beginning 
Foam 
Tests 
Compressive 
Strength Density 
Dimensional 
Stability 
End of Day 61.7  55.8 3 3.1 
Moisture 
Content on 
the Deck 
Start of Day 0.5  
Existing 
Foam 
Tests 
Compressive 
Strength Density 
Dimensional 
Stability 
End of Day 0.4  NA NA NA 
Temperatur
e on the 
Deck (°F) 
Start of Day 94.1  
End 
Project 
Foam 
Tests 
Compressive 
Strength Density 
Dimensional 
Stability 
End of Day 107.8  60 3 3.1 
 
25 
 
Value Add: Videotaping of the Alpha SPF Roof Application 
For additional proof of the roof installation’s quality workmanship, Dallas Fort Worth 
Urethane videotaped the entire roof installation of William Lipscomb High School, which 
clearly demonstrated their expertise. If Dallas Fort Worth Urethane had installed the roof 
improperly, there would be video evidence that the workmanship was at fault and the 
contractor would be required to pay for any roof defects. DFWU, due to their expertise 
and knowing that they wanted to be entirely transparent with the client, videotaped the 
roof installation, which eased the client anxiety about the roof installation and could show 
clearly that workmanship would not be at fault for any future roof defects. Additionally, 
DFWU used the video as promotional material for clients to see their expertise and to 
demonstrate how the SPF application works, not only providing workmanship quality 
assurance and marketing material for the contractor. Comparative before and after photos 
of the roof are shown in Appendix F. 
 
Cost Analysis of the Alpha SPF Roof Installation 
Change Orders of Alpha SPF Roof Installation 
Dallas Fort Worth Urethane did not have any change orders which effected the cost of the 
project. The William Lipscomb Alpha SPF application created value for DISD. Due to 
pricing confidentiality, the researchers cannot release the exact pricing figures concerning 
the roof. However, the roof saved over 20% in costs on the roof installation compared to 
the traditional built up roof.  
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Alpha SPF Cost Compared with Traditional Modified Bitumen or Built Up Roof Cost 
Due to proprietary information, the author cannot release the dollar amounts of cost 
savings on the roof installation. However, DWFU saved the client over 20% in cost 
savings compared to the traditional modified bitumen or built up roofing systems. In 
terms of continuing service, the cost of continuing Alpha service of the William 
Lipscomb Elementary roof will be approximately $6.00 per square foot for a SPF recoat. 
The estimated cost of tearing off the existing system and installing a new traditional 
modified bitumen roof on the same high roof would be $19.91 per square foot. Each 
traditional modified bitumen or built up roof installation costs $350,000 for William 
Lipscomb Elementary School (17,578 SF x $19.91/SF). For the recoat in the system after 
20 years of performance, the Alpha system will require one $6.00/SF recoat, which 
would be $105,468. Compared to the cost of the traditional modified bitumen or built up 
roof of $350,000, this is a cost difference of $244,532 (see Table 9). In total, this is a cost 
savings of 69.1% on the next Alpha SPF recoat of the roof. 
 
Table 9 
 
Alpha SPF Cost Savings Versus Traditional Modified Bitumen or Built Up Roofs 
 
   Cost of Recoat 
Traditional Mod Bit or BUR $350,000 
Alpha SPF Roof $105,468 
Cost Savings $244,532 
% Cost Savings 69.1% 
 
Contractor Statement of Cost Savings 
Additional comments from John Ewell from Dallas Fort Worth Urethane demonstrating 
additional cost savings are as follows: 
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“The Lipscomb school was built with a flat concrete roof deck and for drainage a 
tapered insulation board was installed under the BUR. These tapered insulation systems 
are very expensive. For a R20 value the cost runs in the $4 per s/f range. The removal of 
the BUR would cost approximately $2.50 to 3.00 per s/f. The urethane system installed 
was a straight 3 inches (R20) on a flat roof. Additional foam would be needed for proper 
drainage at approximately $2-3 per s/f for sloping the foam. The cap stone was also a 
problem re-mortaring the joints. I estimate the cost savings for installing the Neogard 
coating system to the top of the cap stone instead of cleaning out the joint between the 
stone and installing new mortar at approximately $35,000. The total cost savings is over 
$100,000. Currently the roof has a R40 insulation value and meets the department of 
energy’s Energy Star reflectivity rating. The DFW Urethane/Neogard/Alpha SPF option 
was a much faster system to install because the roof was not removed. The school being 
located in a neighborhood, we saved several trips hauling debris, which would have 
disturbed neighbors and also helped save space in our landfills. This was a wise 
sustainable option for DISD. DFW Urethane was able to install the urethane roof during 
school. At Lipscomb Elementary they have minimal parking in the teachers’ parking lot. 
The principle agreed to give us 8 spaces for our shipping container, and spray rig.  It 
would have been a major inconvenience to do BUR. In order to install a BUR, it would 
require three times the parking spaces and half the playground. Additionally, the number 
of people required to install a BUR is 5 times the man power, which requires more DISD 
supervision.” 
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In the short term and in the long term, Alpha SPF roofs are a better economic value for 
DISD compared to the traditional modified bitumen roof. Based off of this data, the roofs 
will last longer (Kashiwagi, et. al., 2016b), save on energy and are inexpensive to recoat 
compared to the traditional modified bitumen roof. 
 
Alpha Program’s Required 3rd Party Roof Inspection 
Overview of 3rd Party Roof Inspection 
Upon completion of the roof installation, as part of the Alpha program requirements, a 3rd 
party must inspect the quality of the roof installation. The 3rd party inspection group was 
Penta Roofing Consultants. Penta took 3 core samples and 6 slit samples from the 
completed roof at the end of the project of which they lab tested for defects and to 
determine the quality of the installation. Their results are as follows in Figure 3, Table 10, 
Table 11 and Figure 4. 
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Figure 3: Map of William Lipscomb Elementary School Roof with Core and Slit Samples 
 
Core Sample Information of William Lipscomb Elementary School Roof 
The areas where the core samples were taken are indicated at C-A, C-B, and C-C. The 
locations where the slit samples were taken are indicated at S-1, S-2, S-3, S-4, S-5, and S-
6. The numbers 1 through 16 that are circled are the specific areas where the 3rd party 
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inspector took a picture for their report, and the arrow from the numbered circle indicates 
the direction the picture was taken. 
 
Table 10 
William Lipscomb Elementary School Core Sample Data 
 
Location A B C Average 
# of Foam Layers 5 5 4 4.67 
Foam Thickness (in) 3.4 3.5 4.5 3.8 
Coating Thickness (mils) 59.0 62.0 58.0 59.7 
R Value 23.1 23.8 30.3 25.7 
Density (pcf) 3.8 3.9 4.0 3.9 
Compressive Strength (psi) 53.0 67.0 61.0 60.3 
 
R values were calculated on the above Table 9 by taking the foam thickness and adding 1 
inch of concrete roof deck and applying the figures into the R value calculator found at 
ekotrope.com (Ekotrope, 2016). The R-value above far exceeds the minimum Alpha 
states that it will provide, which is an R-value of 10.5. 
 
Slit Sample Information of William Lipscomb Elementary School Roof 
The Alpha program requires that the minimum Alpha roof coating thickness of the SPF 
application is 45 mils and SPF with a 50 PSI compressive strength. The coating thickness 
and compressive strength figures show that the roof surpassed the minimum Alpha SPF 
application requirements (see Table 9 and Table 10). The slit sample of the roof is shown 
in Table  
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Table 11 
 
William Lipscomb Elementary School Slit Sample Data 
 
Slit Sample ID 1 2 3 4 5 6 Average 
Number of Coats 3 3 3 3 3 3 3 
Coating Thickness (mils) 59 58 62 70 56 58 60.5 
Foam Thickness (in) 3.3 3.8 4 4 4 4 3.85 
 
Analysis of Slit Sample and Core Sample Results 
Based off of the 3rd party roof inspection on 6/8/16, the following information was 
compiled (see Table 12): 
 
Table 12 
 
William Lipscomb Elementary School Final 3rd Party Roof Inspection Report 
 
Inspection Type Initial 
 
Building 
Name 
Lipscomb 
Elementary School 
Coating System 
Neogard 
70613  
Address 
5801 Worth St., 
Dallas, TX 75214 
Minimum Coating 
Thickness 
50.0 
 
Company Dallas ISD 
     
Foam Manufacturer 
Covestro, 
LLC  
Roof Size 17,578 SF. 
Foam System Bayseal 3.0  Building Use School 
     
Substrate Type 
Silicone/Foa
m  
Penta 
Inspector 
Jim Sangster 
Construction Type Remedial 
 
Inspection 
Date 
6/8/2016 
Granule Color White 
 
Inspected 
With 
John Ewell - DFW 
Urethane 
     Uniformity Acceptable  Reviewed By John T. Hatfield 
     
Days Since Rain 3 Days Prior    
Owner Satisfaction Satisfied    
Owner Comments  None    
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Customer Satisfaction of Alpha SPF Roof Installation 
The building owner and 3rd party inspector at Penta both rated the roof 10 out of 10 for 
customer satisfaction and quality. Corrine Berti-Craig, the JOC contractor representing 
DISD on the job, provided an additional comment stating, “[Dallas Fort Worth Urethane] 
did a wonderful job.” 
 
Alpha Contractor Warranty Coverage 
Value Add: 15-Year Workmanship Warranty 
Dallas Fort Worth Urethane agreed to provide a 15-year workmanship warranty on the 
roof, agreeing to repair any leaks or damages on the roof due to workmanship. This 
workmanship warranty is 3 times longer than the required workmanship warranty on 
Alpha roofs (5 years). In addition, Covestro (the foam manufacturer) provided a 15-year 
warranty on the foam. DISD follows the industry standard for SPF roofing which requires 
the use of foam manufactured by BASF or an equivalent quality foam. BASF does not 
provide any manufacturer’s warranty on their foam under any circumstances. On the 
other hand, Covestro provides their foam manufacturer’s warranty to DFWU for the 
entire warrantied service life of the roof, making it a significant value add.  
 
15-Year Neogard Alpha SPF Coating Warranty 
Neogard agreed to provide a coating warranty for 15 years, which is the Alpha standard 
coating warranty. Neogard’s coating warranty covers bird pecking, FM-SH hail (1.75 
inches), 90 mph wind, full maintenance, independent 3rd party testing and proprietary 
details for all 15 years. Many traditional contractors provide 20 year warranties, but often 
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will blame the coating applicator. When this happens, contractors do not provide the 
repairs. Conversely, Neogard takes total accountability and offers a 15-year coating 
warranty (Kashiwagi, et al., 2015). 
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THE EVALUATION OF ALPHA ROOF SYSTEM PERFORMANCE THROUGH 
HAIL TESTING 
Case Study at Casa View Elementary School 
Casa View Roof Characteristics 
Casa View roof system [61K SF roof area] was installed with a Neogard Permathane roof 
system in 1987.  This means that the roof was 29 years old at the time of the visit. The 
author performed a roof inspection on the Casa View Elementary school roof on June 27, 
2016. On the 61,000 sq. foot roof, there was a total of 774 square feet of blisters, 65 
penetrations, 102 sq. feet of delamination, and 6,000 square feet of repairs on the roof 
(see Table 13). 
 
Table 13 
 
Casa View Elementary School Roof Details and Defects  
 
Insp. Date 6/27/2016 
Roof Area 61,000 
Penetrations 65 
Aggregate % of Granules  0% 
 
 Square Feet % of roof area 
Blisters 774 1.3% 
Delamination 102 0.2% 
Ponding 400 0.7% 
Repair 6,000 9.8% 
 
Analysis of Casa View Quality 
As is common with an older roof, the granules have worn off of the roof, and due to rain 
and hail that has occurred most of June, there was some ponding. The areas with 
extended ponding increased blisters (see Figure 4). The repairs were applied mostly to the 
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edges of the roof, most likely due to higher exposure to the heavy rainfall and runoff. The 
Alpha system installed with proper slope and drainage improves performance, and will 
result in less repairs.   
 
 
Figure 4: Ponding Found During Roof Inspection of Casa View ES 
 
The satisfaction of the roof system at Casa View Elementary School and the specific 
characteristics of the Casa View Roof are indicated in Table 14. 
Table 14 
 
Casa View Roof Characteristics 
   
No Criteria 2016 
1 Overall Customer Satisfaction of Casa View  9.4 out of 10 
2 Current Age of Casa View 29 Years 
3 Average Age of Casa View When Surveyed 21 Years 
4 % of Customers Satisfied and Would Purchase Again 100% 
5 Owner DISD 
6 Contractor Phoenix1 
7 Foam Manufacturer BASF 
8 Coating Manufacturer Neogard 
9 Coating System Urethane 
10 Warranty Type Alpha 15 Year Warranty 
11 Service Life of The Roof with An SPF Recoat 45 Years 
12 Total Job Area 61,100 SF 
13 Total Number of Roof Inspections 7 
14 Year of Installation 1987 
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Cost of Alpha SPF Versus Modified Bitumen or BUR 
The cost of recoating and continuing the Alpha roof system of the Casa View roof will be 
approximately $6.00 per square foot for a SPF recoat. The cost of tearing off the existing 
system and installing a new traditional modified bitumen roof will be approximately $16 
per square foot. The Casa View Elementary School roof is 61,100 SF. Since there was a 
sunk cost already incurred to DISD with the installation of the roof, the only values to 
document is the current decision to recoat or to tear off the existing roof and install a 
traditional modified bitumen system. The Alpha recoat of Casa View’s roof at $6/SF 
would cost $366,000 with a 15-year warranty (lasting 45 years), and the installation of a 
traditional modified bitumen roof at $16/SF with a 20-year warranty would cost $976,000 
(lasting 50 years). Based on total costs, opting to install an Alpha recoat would result in a 
cost savings of $610,000 and cuts the cost down by 62.5% on the project, assuming that 
each roof lasts the same amount of time. The yearly cost of $24,400 for the Alpha recoat 
with a 15-year warranty ($366,000/15) would be 50% less than the yearly cost of $48,800 
for a 20-year warranty for a traditional modified bitumen roof installation ($976,000/20). 
Based off of yearly costs, the Alpha recoat is 100% more cost effective than a new 
traditional modified bitumen or built up roof installation (see Table 15). 
 
Table 15 
 
Cost Comparison of Modified Bitumen vs. Alpha SPF Roof 
 
  Total Cost 
Traditional Mod Bit $976,000 
Alpha SPF Roof $366,000 
Cost Savings -$610,000 
  Yearly Cost 
Traditional Mod Bit $48,800 
Alpha SPF Roof $24,400 
Yearly Cost Savings -$24,400 
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1 ¾ Inch Steel Ball FM-SH test - FM 4470 
On June 27, 2016, the Casa View Elementary School roof was hail tested with ten drops 
of 1-3/4-inch steel ball from 17 feet 9 inches, which is equivalent to the industry 
standards of FM-SH hail tests and FM 4470 (see Figure 5).  
 
Figure 5: FM-SH Hail Test at Casa View Elementary School 
 
These hail tests were performed to determine the long-term performance of Neogard’s 
Alpha roof system and the performance of Alpha contractors. With the 1-3/4 inch 
diameter steel balls, the Casa View Elementary roof passed in 9 of 10 drops.  One drop 
dented the coating to reveal the foam.  The other two drops dented the coating only to 
expose the top coat, which are considered passing hail test drops (see Table 16). 
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Table 16 
 
1 ¾ Inch Diameter Steel Ball Hail Tests – FM 4470 
 
Number Result Pass or Fail Top Coat (mils) Base Coat (mils) 
Test 1 No Damage Pass 14.17 38.33 
Test 2 No Damage Pass 20.00 57.50 
Test 3 No Damage Pass 15.50 30.83 
Test 4 Break to Foam Fail 8.17 21.67 
Test 5 Crack to top coat Pass 6.33 30.67 
Test 6 Crack to top coat Pass 6.50 33.33 
Test 7 No Damage Pass 10.33 40.83 
Test 8 No Damage Pass 13.00 47.50 
Test 9 No Damage Pass 16.67 45.83 
Test 10 No Damage Pass 14.00 48.33 
Average Removed Tests 2 and 4 as outliers 12.06 39.45 
 
Analysis of 1 ¾ Inch Steel Ball FM-SH test - FM 4470 
During the 1 ¾ inch steel ball hail tests (FM 4470), the researchers found that only 1 out 
of 10 tests failed. On a 29-year-old roof that is far past its warranty, the roof continues to 
show proven performance. Out of the 9 tests that passed, only 2 of those tests cracked to 
expose the top coat (see Figure 6). All others had no damage or exposure to top coat or to 
the foam. 
 
 
Figure 6:  1 ¾ in. diameter hail tests that exposed foam or cracked to expose the top coat. 
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These foam test drawings show that the indents of hail into the roof will not necessarily 
damage the integrity of the roof. When the dents do not tear to the foam, the roof can 
continue to last for many years. The average width of the dent was very consistent on all 
of the tests, averaging to about 1.62 inches. The average indent size was about 0.44 
inches. The max depth of the indent during the FM-SH tests was .51 inches, which still 
did not cause the roof’s integrity to fail. 
 
3-Inch Steel Ball FM-SH test – OSH 2.75 
OSH 2.75 Hail Test Results 
The researcher additionally facilitated dropping the 3-inch diameter steel ball three times 
from the same height of 17 feet 9 inches, which is the Oversized Severe Hail (OSH 2.75) 
test.  One of the steel ball drop damaged the coating to the SPF. The other two drops 
resulted in exposure of the top coat.  These results far exceed the FM-SH test 
requirements. 
 
OSH 2.75 Hail Test Indent Analysis 
During the 3-inch steel ball hail tests (weighing 4 pounds), the researchers found that 1 
out of 3 tests failed. On a 29-year-old roof that is far past its warranty, the roof continues 
to show proven performance. Due to the heavy impact, the ball caused the roof to crack 
to top coat on the two tests that passed the test. An illustration of each of these tests can 
be seen in Figure 7. The average width of the dent was very similar on all of the tests, 
averaging to about 3.45 inches. The average indent  was about .51 inches, due to the size 
of the ball being dropped (see Figure 8).  
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Figure 7: OSH 2.75 hail tests using a 3-inch diameter steel ball that exposed foam or 
cracked the roof to expose the top coat 
 
 
Figure 8:  Passing dent from 3 in. diameter steel ball test (OSH 2.75) compared to dents 
from a 1 ¾ in. diameter steel ball hail tests (FM 4470) 
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These 3-inch steel ball hail tests show the durability of Neogard’s Alpha Roof System 
and the performance of the contractors within the Alpha program. The roof has lasted a 
substantial amount of time without a recoat. With another Alpha SPF recoat, the roof 
could last another 15 years. 
 
OSH 2.75 Hail Test SPF Core Sample Results 
In order to determine the difference between the sections of the roof that passed the 3-
inch hail test and the section of the roof that failed a 3-inch diameter steel ball hail test, 
the researcher, working with Neogard and PBSRG, extracted 2 SPF core samples to be 
examined. From this information, the researcher sought to determine why one section 
failed the hail test and why the other section passed. 
 
 
Figure 9:  Passing, failing and new core samples 
 
The picture above (see Figure 9) has 3 core samples. The left SPF core passed the hail 
test with a 3” steel ball. The middle SPF core failed the 3” hail test. The right is a new 
and never used SPF core. The existing 29-year SPF, in areas where the 3-inch diameter 
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steel ball hail test passed could not be differentiated from new SPF in terms of coating 
thickness. 
 
 
Figure 10: Passing Core Sample from Casa View Elementary School 
 
The passing core sample above shows sufficient base and top coating to withstand a 3-
inch steel ball from the FM-SH hail drop height (see Figure 10). 
 
 
Figure 11: Core Sample #1 (Failing Core Sample) from Casa View Elementary School 
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The failing core sample above did not show sufficient base and top coating to withstand a 
3-inch steel ball from the FM-SH hail drop height (see Figure 11). 
 
Table 17 
 
3-Inch Diameter Steel Ball Hail Tests – OSH 2.75 
 
Number Result Pass or Fail Top Coat (mils) Base Coat (mils) 
Test 11 Crack to top coat Pass 15.83 35.00 
Test 12 Crack to top coat Pass 9.00 45.00 
Test 13 Break to Foam Fail 8.00 30.00 
 
OSH 2.75 Hail Test Analysis of SPF Coating Thickness 
The failing core sample has noticeably less top and base coating than the passing core 
sample in the OSH 2.75 hail test by comparing Figure 10 to Figure 11.  The base coating 
thickness and the top coating thickness were both significantly greater in the core sample 
that passed the 3-inch steel ball FM-SH test (see Table 17). The researcher concludes that 
when there is less coating thickness, the integrity of the roof is more likely to be 
compromised with the hail tests tearing to the foam.  These results show the necessity of 
the installation of SPF roofs to be performed by Alpha quality contractors and coating 
with proven long term performance such as Neogard’s Alpha SPF coating. With a 
consistent coating application, observing Alpha specifications, the entire roof may have 
passed the FM-SH test with a 3-inch steel ball. 
 
OSH 2.75 Hail Test Core Sample Compressive Strength and Density Results 
Sample #2a and Sample #2b originally constituted one core sample that passed the 3-inch 
steel ball with the FM-SH test, but due to a testing error, the 3rd party testing company 
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tested them as separate core samples. The two core samples’ compressive strengths and 
densities show some significant differences. 
 
Table 18 
 
Casa View Elementary School Core Sample Compressive Strength and Density 
 
 Sample #1 Sample #2a Sample #2b 
Comp. Strength (psi) 55.7 49.8 34.9 
Density (pcf) 2.89 3.07 2.72 
Height (in) 2 1.25 .95 
 
In determining the differences between the compressive strength and density of the 
samples, it should be noted that Core Sample #1 was .75 inches and 1.05 inches taller 
than Sample #2a and Sample #2b respectively (see Table 18). With regards to the density 
of the different core samples, it was noted that the compressive strength of the failing 
core sample (Sample #1) was greater than the passing core samples. Sample #2a, which 
was the top portion of the core sample, had a higher density than Sample #1. However, 
these tests cannot prove that more compressive strength or density will extend the roof’s 
longevity. 
 
Analysis of Hail Drop Information 
The results of the hail drop on the 29-year-old Alpha roof not only prove that the Alpha 
roof system has FM-SH hail test performance, but that Alpha SPF roof systems properly 
applied can outlive their warranty by 14 years. This level of performance outlives a 
traditional modified bitumen roof system’s average repair and tear off of 20 years. This 
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Alpha SPF longevity outlasts the traditional modified bitumen or built up roof with a 
greater hail resistance. 
 
Past Alpha SPF Roof Hail Tests 
Results of Past Tests 
The Performance Based Studies Research Group (PBSRG) at Arizona State University 
did a comprehensive hail study in 1996 with a 1 ¾ inch steel ball, and a hail test using a 
4-inch diameter steel ball in 1998 [severe hail (SH) test].  PBSRG concluded the 
following in those two studies: 
1. Aged Neogard urethane coated SPF roofs passed the hail test with 20 mil coating 
after 20 years of service.   
2. Aged Neogard coating systems passed the OSH 2.75 at FM-SH height [4-inch 
diameter steel ball dropped from 17-3/4 feet height] at 15 years of service with 50 
mils of urethane coating.   
Former Alpha SPF Hail Test Publications 
The PBSRG has published the following publications that relate to the performance of 
Sprayed Polyurethane Foam Roofing Systems: 
1. Hail Resistance of SPF Roof Systems – 1996 
2. Oversize Hail Resistance Test of SPF Roof Systems – 1997 
3. Hail Resistance of the Alpha SPF Roof System – 2003 
4. Hail Resistance of SPF Roof Systems – 2008  
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The previous hail tests revealed that the customers were extremely satisfied (9.8 out of 10) 
with the SPF roofing system. SPF roofing systems are high performing roofs when 
installed by an expert and capable contractor and can resist severe hail damage [drop of 4-
inch diameter steel ball from 17-3/4 feet in height].   
 
Comparison of a 2015 Alpha SPF Hail Test 
The performance of the roof at Casa View Elementary School is not the only hail test that 
has been performed on an Alpha SPF roof over 25 years old in the last two years. Below 
are the previous hail tests performed at an Alpha SPF roof at Foster’s Elementary School 
in 2015 (see Table 19) (Kashiwagi, et al, 2016b):  
 
Table 19 
 
Foster’s Elementary School Hail Test Results  
 
2” steel ball  4” steel ball 
 
Drop No 
 
Pass / Fail 
Average 
Impact 
Width 
(in.) 
Average 
Impact 
Depth 
(in.)  
  
Drop No 
 
Pass / Fail 
Average 
Impact 
Width 
(in.) 
Average 
Impact 
Depth 
(in.)  
1 Pass 1.5 0.125  1 Pass 3.5 0.5 
2 Pass 1.5 0.25  2 Pass 3.5 0.25 
3 Pass 1.5 0.125  3 Pass 3.5 0.875 
. 4 Pass 1.5 0.125  4 Pass 3.5 0.25 
5 Pass 1.5 0.375  5 Pass 3.5 0.375 
6 Pass 1.5 0.1875  6 Pass 3.5 0.25 
7 Pass 1.5 0.125  7 Pass 3.5 0.375 
8 Pass 1.5 0.375  8 Fail 3.5 0.375 
9 Pass 1.5 0.125  9 Pass 3.5 0.25 
10 Pass 1.5 0.125  10 Pass 3.5 0.375 
  1.5 0.193    3.5 0.388 
 
A summary of the Foster Elementary School’s hail test results are as follows (Kashiwagi, 
et. al., 2016b): 
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 The roof was 28 years old at the time of testing, with one recoat. 
 The hail test on the Alpha coating showed no signs of damage. 
 Only 1 out of 10 drops of the 4” steel ball [severe hail simulation] resulted in a ½” 
slit. 
 The SPF sample had a total thickness of 4”, average compressive strength of 50.7 
psi and average density of 2.96 PCF [matching new Alpha SPF roof requirements].   
 The roof only has 3 SF of blisters [.006% of roof area] and is free of leaks and 
deterioration. 
 The roof could have lasted another 15 more years with a simple recoat [resulting 
in 38 years of performance at a fraction of the cost of a traditional modified roof]. 
 
Cost Analysis of an Alpha SPF Roof at Foster’s Elementary School 
The cost of continuing Alpha service of the Foster’s Elementary School roof would be 
approximately $6.00 per square foot for a SPF recoat. The cost of tearing off the existing 
system and installing a new traditional modified bitumen roof is approximately $16 per 
square foot. On a 50,754 square foot roof at Foster’s Elementary School, costing $16 per 
square foot, which includes existing roof tear off, each traditional modified bitumen roof 
installation costs $812,064 (50,754SF x $16/SF). For the $6.00/SF recoat installations of 
an SPF roof at Foster’s Elementary School, the cost would be $304,524. This is a cost 
difference of $507,540. In performing an analysis of the cost savings and useful life of 
Foster’s Elementary School and Casa View Elementary School, the following results are 
found in Table 20 (Kashiwagi, et. al., 2016):  
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Table 20 
 
Casa View ES and Foster’s ES Cost Savings 
 
 Foster’s ES Casa View ES 
Traditional Mod Bit or BUR $812,064 $976,000 
Traditional Mod Bit or BUR Yearly Cost (20 yr) $48,800 $48,800 
Alpha SPF Roof $304,524  $366,000 
Alpha SPF Roof Yearly Cost (15 yr) $24,400 $24,400 
Cost Savings $507,540 $610,000 
Total Cost Savings $1,117,540  
 
In looking at both tests, Casa View Elementary School and Foster Elementary School’s 
hail test results and financial comparison are summarized as follows: 
1. Alpha SPF roofs that were 28 years old and 29 years old consistently passed the 
FM Class 1-SH (FM 4470) hail test with a 1.75” ball and a 2” steel ball 19 out of 
20 tests (95% of the time). 
2. Alpha SPF roofs passed at least 66% of the time at Casa View Elementary School 
while dropping a 3” steel ball (4 lbs) and 90% of the time at Foster’s Elementary 
School while dropping a 4” steel ball (9.4 lbs). 
3. Alpha SPF roof systems last over 28 years, and can be recoated for a service life 
of over 40 years. 
4. The Alpha SPF roof systems for Casa View ES and Foster’s ES had the potential 
to save DISD $1,117,540 over their useful lives compared to the traditional 
modified bitumen system or built up roof with an Alpha SPF recoat. 
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DISCUSSION 
Alpha SPF Roof Installation Discussion 
The author identified the Alpha roof system’s cost effectiveness through an evaluation of 
its installation and long-term performance. The Alpha program assisted the SPF 
contractor to identify roof requirements before they installed the SPF roof system, which 
helped the contractor to lay out the project from beginning to end through pre-planning. 
From this pre-planning afforded by the Alpha program, the contractor was able to look at 
the project and identify deviations throughout the project, either caused by DFWU or the 
client. DFWU identified the potential to install a quality SPF roof through obtaining the 
joint and several warranty for 15 years from the foam manufacturer, and the SPF 
manufacturer. In addition, the contractor also signed a 15-year contractor workmanship 
warranty, understanding that DFWU would be asked to fix any defects were they to 
occur. 
 
The Alpha contractor, Dallas Fort Worth Urethane, additionally documented risks and 
deviations throughout the project using the Weekly Risk Report. The WRR was able to 
provide transparency to all stakeholders when the deviations occurred, and demonstrated 
its value to the client and to the contractor.  
 
DFWU delivered great value for DISD through the Alpha program. The time in 
delivering the project was quicker, delivering the project in a total of 20 days. The cost 
was significantly cheaper than a traditional built up roof with an additional $100,000 in 
energy savings from the R20 value on the roof. There were high customer satisfaction 
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ratings as a result with both the owner giving a 10 out of 10 rating for the roof and the 
roof inspectors giving a 10 out of 10 roof quality rating. The roof had no punch list. The 
foam’s dimensional stability figures were the “best in the industry.”  Despite all of the 
events that could have caused massive delays in the project, the Alpha contractor, 
through the use of the Weekly Risk Report mitigated the risk, and delivered a high 
quality roof system. This roof installation demonstrated how the contractor’s increased 
accountability led to an increase in the contractor’s performance on the job. The Alpha 
quality assurance and SPF roof system delivered dominant performance and 
demonstrated best value for DISD in terms of cost, time, and quality. 
 
As the contractor, Dallas Fort Worth Urethane was most important to the high 
performance on the roof installation. With the Alpha program making DFWU responsible 
to minimize the risk of nonperformance of the Alpha SPF roof system, they became more 
accountable for their performance. In shifting the responsibility to the expert contractor, 
the Alpha roof system provided DISD with a high quality roof, and the client was highly 
satisfied. 
Hail Testing of Alpha SPF Roof Systems Discussion 
The Casa View roof system case study confirms that the Alpha sprayed polyurethane 
(SPF) roof system is a high performance roof system for the Dallas Independent School 
District (DISD). The case study results show that the Alpha SPF roof system has a proven 
service period of 29 years, and a conservative predicted service period of 45 years with a 
recoating. The Alpha roof system also has a cost that is 50% less than a traditional 
modified bitumen roof system. The sprayed polyurethane foam of the Casa View roof 
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installation showed no deterioration over the 29-year service period. The Alpha roof 
system showed resistance to the FM-SH roof test of a drop of a 1-3/4-inch steel ball from 
17 -3/4-foot height. A further test using a 3-inch diameter steel ball dropped from 17-3/4 
feet showed that the roof system passed the test when the coating was of sufficient 
thickness. Failure of system occurred when a drop occurred when coating thicknesses 
were abnormally low, but if the coating is installed with sufficient thicknesses, the Alpha 
roof system will perform for 45 years. The Casa View Alpha roof system material 
analysis shows that the roof sprayed polyurethane foam (SPF) system was installed 
according to the manufacturer’s specifications. 
 
Additional roof studies on Alpha SPF roofs show that they can last over 28 years, and can 
be recoated for a service life of over 40 years. The average customer satisfaction rating of 
these roofs is 9.8 out of 10, and has shown consistent performance even under severe hail 
tests with 9.4-pound steel balls (4-inch diameter) after 25 years. 
 
The core sample tests show the base coating thickness, the top coating thickness, the 
compressive strength and the density of the core samples were all greater in the core 
sample that passed the 3-inch steel ball FM-SH test. With a consistent coating 
application, observing Alpha specifications, the entire roof would have passed the FM-
SH test with a 3-inch steel ball. These results show the necessity of the installation of 
SPF roofs to be performed by Alpha quality contractors and coating with proven long 
term performance such as Neogard’s Alpha SPF coating. 
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Other Lessons Learned during Casa View Elementary School Hail Testing 
After conducting a roof inspection of the Casa View roof, the author found that the areas 
with extended ponding increased blisters. The author advises that the Alpha system 
installed with proper slope and drainage improves performance, resulting in less repairs. 
 
If the DISD engineering and procurement staff decide to remove the existing performing 
Casa View Elementary School roof, and replace it with a modified bitumen roof system 
instead of recoating the Alpha SPF system, the DISD will be wasting over $1M in 
building maintenance funding.  
 
CONCLUSION 
 
The research objective was to identify if the Alpha SPF roof system is renewable, has 
proven performance that competes with the traditional modified or built up roofing 
systems, and is a more economical option by evaluating the installation of a new Alpha 
SPF roof installation, and testing out the performance of a 29-year-old Alpha roof 
system. 
 
Based off of the installation of the Alpha SPF roof at William Lipscomb Elementary 
School, the Alpha SPF roof system proved that the system is renewable by applying SPF 
and SPF coating over an existing built up roof, which eliminated the need for a tear off of 
existing coal-tar-pitch roofing material.  Before this Alpha SPF roof installation, the 
Alpha contractor, Dallas Fort Worth Urethane, acquired a 15-year workmanship 
warranty, a 15-year SPF warranty and a 15-year SPF coating warranty on the job. The 
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Alpha contractor’s expertise was the main risk mitigation method and insurance of long-
term performance in that Dallas Fort Worth Urethane additionally videotaped the entire 
SPF installation. The Alpha SPF roof demonstrated a cost savings of over 20% on the 
installation and the Alpha contractor finished the entire installation in 20 days after the 
subcontractor removed the gravel, demonstrating how the roof is a more economical 
option than modified bitumen or built up roof systems. During the final inspection of the 
roof installation, the roof had zero punch list items required to be completed, which was 
the first in DISD roof installation history. Dallas Fort Worth Urethane received 10 out of 
10 customer satisfaction ratings on the roofing installation showing the performance of 
the roof and the Alpha SPF roof installation. 
 
The researcher additionally performed hail tests of the Alpha SPF roof system at Casa 
View Elementary School, which was a 29-year old roof at the time of testing. Casa View 
Elementary School demonstrated its performance by not only passing with a 1-3/4-inch 
diameter steel ball (FM 4470) hail testing in 9 out of 10 tests, but also passing with a 3-
inch diameter steel ball (OSH 2.75) hail testing in 2 out of 3 tests. The Casa View 
Elementary School demonstrated the Alpha SPF roof system’s cost effectiveness by 
demonstrating savings of $610,000 in one installation. Utilizing previous Alpha SPF hail 
studies conducted by the Performance Based Studies Research Group (PBSRG), Dallas 
Independent School District could have saved $1,117,540, through Alpha SPF recoats of 
their roofs compared to a traditional modified bitumen or built up roof system. The 
researcher concludes that he has confirmed his research objective and confirmed the cost-
effectiveness of Alpha SPF roofs. 
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APPENDIX A: PROGRESS REPORT 
DATA COLLECTED MARCH – JUNE 2016 
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Table 21 
 
William Lipscomb Elementary School Roof Weekly Progress Report Tab 
 
Week 
# 
Start of 
Week 
End of 
Week 
Notes regarding project status this week 
1 4/4/2016 4/8/2016 
PO Issued 3/31/16, Subcontract Rec 4/1/16 Returned signed 
4/4/16, Rec Email Pushing Start Date to 1st week of May. 
Requested Drawing A206 for Scupper 
2 4/11/2016 4/15/2016 
Req from JOC for SOV Completed; Applied for Permit from City 
of Dallas on hold awaiting approval letter from Landmark 
Commission, notified JOC of need for copy of ltr from LC; Req & 
Rec P&P Bonds; Rec Scupper drwg from JOC 
3 4/18/2016 4/22/2016 
4/19 Rec req for additional submittals, req copy of Sec 07 5700 
from JOC; 4/20 Rec email notifying ladders have been halted due 
to no approval form Landmark Comm., Roof hatch will remain 
(was to be eliminated) inspecting roof hatch for feasibility or 
requirement to raise. Notified that 15 year Contractor Warranty is 
required. 
4 4/25/2016 4/29/2016 
4/22 Rec notice Submittals are reviewed, Rec ltr from Landmark 
Comm approving roof repairs not visible, Obtained Permit, 4/28 
Attended Pre-const mtg, Submitted CO 1 for permit cost, 4/29 Rec 
approval for CO 1. Scheduled to set materials by 4/30. Received 
email verifying owner's decision to leave roof hatch as is. Roof 
hatch to be closed upon Landmark Commission's approval for 
ladders expected on June 6, 2016. 
5 5/2/2016 5/8/2016 
Gravel removal delayed due to weather. Gravel removal started 5/4 
completed 5/5. Subcontractor hired to remove sediment from 
inside of cap stone is too slow, Neogard approved alternate method 
of removal with use of primer. Subcontractor cleaning cap stone 
notified not to power wash on Saturday. Subcontractor still power 
washed area getting roof wet. A/C units were raised, curbs 
installed and sealed in. Scuppers on high roof were installed. 
6 5/9/2016 5/15/2016 
Rain majority of week. Foam application began 5/12/16, Base coat 
process began 5/14/16. 
7 5/16/2016 5/22/2016 
Work continued around weather. Rain in area in the mornings; 
afternoons were perfect! Evening Activities scheduled on 5/17/16 
ceased work to not overspray vehicles. Rain on Wednesday 5/18. 
Coating application continued Thursday evening and Friday after 
school work ceased at 4:00 for Jazz Festival. Work to resume on 
Saturday and Sunday.  
8 5/23/2016 5/25/2016 
Completed coating process of small lower roofs and roof hatch. 
Touched up and cleaned area and ordered inspection both third 
party and DISD. 
9 5/31/2016 6/3/2016 
Rain majority of week. Inspections postponed until 6/7/16 for 
DISD and 6/8/16 for Third Party Inspection. 
10 6/4/2016 6/10/2016 
DISD Walk-thru completed 6/7/2016 Including DISD, Architect, 
Consultant, JOC Cont - First time in history ZERO punch list! Job 
accepted as completed. Third party inspection completed 6/8/16 - 3 
core samples average compressive 60 - 6 slit samples average 
millage 59. 
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APPENDIX D: RISK MANAGEMENT PLAN 
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Category Criteria Avg. 
 Moisture 
Scan 
Complete
? (Y/N) Date 
SF of Roof with 
Moisture  
Wind Speed 
Start of Day 10.0  Y 4/8/2016 0  
End of Day 6.7        
Humidity 
Reading 
Start of Day 71.3  
Beginning 
Foam 
Tests 
Compressive 
Strength Density 
Dimensional 
Stability 
End of Day 61.7  55.8 3 3.1 
Moisture 
Content on 
the Deck 
Start of Day 0.5  
Existing 
Foam 
Tests 
Compressive 
Strength Density 
Dimensional 
Stability 
End of Day 0.4  NA NA NA 
Temperatur
e on the 
Deck (°F) 
Start of Day 94.1  
End 
Project 
Foam 
Tests 
Compressive 
Strength Density 
Dimensional 
Stability 
End of Day 107.8  60 3 3.1 
 
 
 Wind Speed 
Humidity 
Reading 
Moisture Content 
on the Deck 
Temperature on the 
Deck (°F) 
Date 
Start of 
Day 
End of 
Day 
Start 
of 
Day 
End of 
Day 
Start of 
Day 
End of 
Day 
Start of 
Day 
End of 
Day 
5/7/2016 5-10 10-15 60 55 4 3 121 145 
5/12/201
6 12 10-15 68 65 2 2 121 150 
5/13/201
6 9 8-12 43 34 0 0 114 155 
5/14/201
6 12 8-12 78 41 0 0 80 117 
5/16/201
6 10-15 15-20 64 54 0 0 118 83 
5/17/201
6 8-12 15-20 73 64 0 0 76 84 
5/18/201
6 8-12 10-15 71 76 0 0 78 82 
5/20/201
6 5 5 63 48 0 0 118 129 
5/21/201
6 6 5 85 56 0 0 82 110 
5/23/201
6 12 12-15 85 80 0 0 69 82 
5/24/201
6 10 10 86 86 0 0 73 75 
5/25/201
6 14 10-15 79 81 0 0 79 82 
Figure 13: DFW Urethane’s Recorded Performance Metrics during the roof installation 
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Weekly Risk Report  
                  
Project Title: 
William Lipscomb Elementary 
School 
Vendor: DFW Urethane 
Project ID / Task Order: D009277-01   NTP Date: 04/25/16 
Location: 5801 Worth St, Dallas, TX 75214 Pending Risk Status: #REF! 
Roof Area: 16000 
  
Roof System: 
Alpha SPF 
Roof 
    
  
Warranty Completion 
Date: 
6/8/2031 
              
                  
Budget   Schedule 
      Initial Start Date 3/16/16 
Initial Allocated Budget $247,764.00   Initial Completion Date 5/31/16 
Current Estimated 
Budget $247,764.00   Current Completion Date 5/24/16 
$ Over Budget $0.00   Days Delayed 38 
     $ Due to Client $0.00        Days to Client 10 
     $ Due to Vendor $0.00        Days to Vendor 0 
     $ Due to Unforeseen $0.00        Days to Unforeseen 28 
     $ Due to Other $0.00        Days to Other 0 
% Over Budget 0.00%   % Over Schedule 50.00% 
     % Due to Client 0.00%        % Due to Client 13.16% 
     % Due to Vendor 0.00%        % Due to Vendor 0.00% 
     % Due to Unforeseen 0.00%        % Due to Unforeseen 36.84% 
     % Due to Other 0.00%        % Due to Other 0.00% 
                  
Vendor Foreseen Risk           
$ Over Budget Foreseen $0.00           
% Over Budget Foreseen #DIV/0!           
Days Delayed Foreseen 0           
% Over Schedule Foreseen 0.00%           
Figure 14: DFW Urethane Report tab upon finishing the William Lipscomb Elementary 
School Roof Installation 
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APPENDIX G: BEFORE AND AFTER PICTURES OF THE WILLIAM LIPSCOMB 
ELEMENTARY SCHOOL ROOF 
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BEFORE                               AFTER 
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Figure 15: Comparative Pictures from Before the Roof Installation to After the Roof 
Installation at William Lipscomb Elementary School 
